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(54) Title: HYDROGEL INTERVERTEBRAL DISC NUCLEUS 



(57) Abstract 




A prosthetic nucleus for a vertebral disc is made of a hydrogel material. The hydrogel prosthetic nucleus has a shape gen- 
erally conforming to the natural nucleus pulposus. The hydrogel has a water content of at least 30 % and has a compressive 
strength of 4MNnr 2 or greater. When the hydrogel material is dehydrated, it has a dimension of less than half of that of the 
hydrated hydrogel nucleus. The prosthetic nucleus may be formed of two or more pieces of hydrogel material which pieces, 
when combined, have a shape generally conforming to the natural nucleus. The prosthetic nucleus for implantation in the 
disc space after removal of a damaged or degenerated nucleus may also be formed from a multiplicity of hydrogel beads 
having a water content of at least 30 %. The beads are covered by a semi-permeable membrane. The membrane has porosity 
less than the size of the beads to thereby retain the beads therein but permit fluids to flow in and out of the prosthetic nuc- 
leus. 
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ffttsofiffiflffu. t Kay/i^sjaatfciiaaff&oasaatbSftii. 

lttlW«fl;«, WWlCBt Kpy/W*MT-*»(IW-6BJ«ttfl*A 

a s £ t* as* * <o ®zam*3mi- * a<*> mmn x 9 sit & n 4 . 

M<D*>'<-4<A4:|3. 3E«t*±trJBU4B*fc'i* 'J (SMiLfce- 

jKtt-r*><D^rn-c»TT aes* 'j-r-uottrttttsaffflattaa 

a<*S. tKoyA*'J-r-li**a£* ttA K> -f -T*>«, tfclJ** 
ft fe L < li«7K«SSK-t 9 32HL t 4. t'-X*fcliatttKH-*-*«8a# >j -7 

* <7? 'Jil/7 ; K> , # ') (N-t'-/U- 2 - fc'o 'J K» „ # 
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(7?'j*i) abafflL-**. aaaswwu, *n*<*>an 
arotftrasKSn *n4*«a<o t Kb y& tr-xt /rtjataa* 7 0 Hja± 

*llSL,<Stttt*-9SaaT*«. C0Bttfi«j:?a»att, EBfltUC/ 
fl*r7J©TT8 W J: 9 'WT icBB * Att t > C i * SEE 1" * T * * -5 . 

ae. t K©y^«wtt**fts**citt<ia*u *vena*«rt'*it 
0«t#4. t Koy/«<(Wt?n« c*08i«»'i»L, cnictowmiO'h 
s««*aLT, <aswc-r*. ar-saataa-rsct^srtt 

tttt*«*ft<*acaa*ft«&. *ni*tt*«*©tt**a*L/:ttBre 

b»L<a*T*r**-l. IMSAttlWFT* 'i ^-©BatiWlcS 
U*4Bfcn*. *BH , aBailSn£6<*5£'<9>Xt&'>*:tt 

a-cffjtu aiTWffiMBTf *tetta**hfc«attt Kny/va<*9 

Katt97?ft««^ «n«&r9ffi(/x Mtt&ttCfctiT, I^iiSEStrzHttt 

taai u ^cd b aii*_h<E>«»6T>M i >a%a l r *«y b^tt< 

©r, tt»«H'j"r-*o»Lfca«fi'o«atta«'Oi'*tt«t Koy^aax 
raaBBaofcoiO'Mwc**^. I'-rnoaroanfftaaLfcWftb. 



aaajBjctfaifaaicAsnnttwaffit'^^A^AnfiT**^. jb*a* 

+ 4K«*iXa'rS**Lv *^'J>/i<4b3 0Hx ff* L < 11 7 0 - 9 9 H<0 

***** u *«*ifa**K4 ny=«^i;o>c < i b 4 > * - 

«(J52^iCJ}<ft$n/:ttffl-C7 0- 8 5«fl3d***«L?4^ *nii«K9 

fflt*j(ca<w53n-5T*6-5. c©mm?jii. ftfiL/:aaa(oaa©Ea^ 

^a«t»5KCs *njft<2P(*^a»fcJ:^/l'-7?gS£^4ffl4rWit-r-i, 

n^itii^a-s^acatrxttottttc-ftfisw^b^boriis-srb 
^awwa*" 1 — feaAfcfitttt Koy;>-c^ffi*nte»ToBttii, rnrjs 

^■C7X«*tifcaica*a3 0 -9 9«. lfJL<(J 7 5 - 9 5 H**+-6. a 

c<oa§b*««aLTx.*oaaic-at*"e**-5. 



Bill, B«*Bffi5*^ l(H^m.V«^»H«fcfflT*4 ; 

s 4 - 6 it. vnnica a? nA:*fD4iao*n«Ro 2 ra«s£»-c^«tt<o 3 

B7li % BA^-tajlfcaToaaoTOHT** ; 

a8ii. HTotti 1-1 Kc»-»yraroBaoaffinT*9, ?«©t k 
oy^tr-x*ostfc07<D*/<-**-r ; 

ai His a*'<-*«x./s*«w©aT-3B«*<*ci^«3nft«ffl«, 
Bi2«* a^<-*«A/=*»w<o»Toa»jfl«*fti*nytwB^ on 

£0aBfi(0?£B-C«4 : 
SI 3d, Bl2©«Vfi09Rfi^BTA4; 
HI 4(1, 31 3l:^LfcaroHttOff^KffiflT*S ; 

Hist*. *«?n4in©Bi 4oaT-3«a*^r, 

ai - 6**Hr 44. ui»aB(c«i»T-aic 1 oi tr»sn4*« 

an*, coflauvai 4©aw*i 2Ric»a?n, ^tottitM 1 5 vm 
in-s. rt#«fi2 otfj:c;2 2«<aai o«±s*iAyTa**nfna-5. 



( 



•;t:i*T^3-A (PVA) ?A*. jtD7K»»«e«tlBWt + «ft* u^a 
■rtth5«7 0-S5H»=lEi:T9S-l00*«iTJ:ii. -* 

t >* o y /isKmiiiiiii p v a ato^awwaTi-* « -» r**-*- 

4. 

gas 

moo pva iPVA^nKo y mui- 4 ft a<o-«ajtt*B 

**f*4. 6 6 3. 3 5 8W«»:*«nTti9s t<Oft>jtt C CtCMt L 
T5ISf4. -JttKl 0-2 5>6«P VA»**. ft£*tf*» 

a^+^k* **-u>yj a -ii>*/=ii**i£0>a£«i± *nra 

JlOT**** 4&« * ft** f 7 A + i $ tKDBC Y A* ttA* 4. 8*Vt(0ft 
*IIY/U*1 OTUiTUWMS&fllLft©*, ttSSnfcP VAy/V*ti)8fl 

4<*r«»sn*fc. *i=«aw*. c»*h*nfcPvAYju*8si'-cwi 

©fc*!>*cK7M-4. C5UraMS#vftPVAt KoYiKi, 6Q-9 0W45S 
**JBJ:c;4MNm"fiiJ:<05«5SaC«r4* fcT-Xttt Ko Y*l£ofc»TI*. 
fc*-XI45- 2 5«<OPVAtt*^4»±I5i(?IU^ai-CSWI*n4. 

«B(cas**Lft2- 1 Ho*'>if/^>^^ f, ^- h«*'jT-, iftttN-tr 
(tztJMN- e-A- 2-t:o<j kxn-vpd. t ko* 

v/T>U*>U> 'J iz-hi^f-ib (ft£jti*2-t Ko + >xW*^ ') V 
- h (HEM A) ) , 7fo+to*9 9 'J U- h ffciAlf > */UV 'J U- K 
(MM A) ) , x*-U>tt*ttW« Cft±;tH>*?y>M» (MA) ) , 

(DEAEMA) ) ttifWty T-Ott*ftf5^6M8hft3* , ;T-*JJ: 

HYP AN (ftWM) ( t K p y-rt^tf iJT^ 'Jo-F'i U t KoV^tt 
ffiiLi:«fflU'5 4ftft»«BlOt KbY/W"ff««. COfe KoY/H*flWk Ko 
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07^ftWo^3in«;-T- (mbc) watw-r*. 

tf»^tfi«««l»ttfl!>HYPANt Koy/W«3»a4 < i*t(SWrtl4. 3 3 7. 3 
27* 4, 37 0. 4 5 U 4. 331. 783. 4. 369, 294, 4. 4 
2 0. 5 8 9. 4. 3 7 9. 8 7 46XCM. 6 3 L. ' I 8 8 ?HIB*Cft»n 

uaiuEBsnA. 

4"^; < <fc 4 MKn' , ©2Ba«m+« , J tWft b<Xft L*3 4. :*i4<0« 
«liX8B»d*3>f 7 H/>Xffl£LTFDA*B*ftTl»*. b«A/, => 
> * K>>X&HttO*iMtt«*fcM*n*«T. tt<D*ttOfe Ko Y/trU 
K«S*«» L •> 4. £ft *<D* 'J t-S J:tf 3 * V t It ^ttfiJHB 
Wfla«iC*##vn»*. cn&©bKnY;UO****** HUtav 
H EM A) 8**ft 'J K7y>UJ>B (N - V P £ MM A<03* 

ftiBtt*ucwtt<offlKixA*n» «t»r*K*fflrt*e«4ts*«. a««mi© 
•c»a+«. ac^rco^'jT-tBaofBttisi^te^ww^*. 

£±b* jBOOtt*ftt*«ToB«©«MKBL-C«, #ftLfcl«rC©*'J-«' 

j: * t k n y;udbh«»*» t k nt* nc 

BfXl 0*t8IH'4wiA<T#4. ff* Li^Bfcfc^Tt*, BroBWEfc;*** 
<OBataStt*UCFTfcCfi«IU BIkS^J^icB (ec! ipiejca 

<ar$. 7Kio*nft«iroB«fl!>it«tt^aiiiitt6{i*tc-3tse«r*cid* 

CAHScO-»9flg-Tft(jqiIi]* U e m i -minor ixh)l: 



tiUT2 c m, »^tt (terai-mijof axis) lcfcl\T4 c nw If 
it. 2cmT?*5. 

J tr*rt4*^2ffl<r«^rV^. 2««E¥«tt*«-ffil^ C t 

j&<t#5. cnb<o^? b £0(iB«tas ft\z9mth z. t & * o fttt* 
(H4) . ttaB«*«*w=»*+*w&K*9fra*fta (tasj . tt 
cr>T f y'<>iJin^2*5?tc^i i ir« b<0T*s (H6) . 2«*aK-?'y<><0£ 

ttWAU*' WMMt* 4lc«'J*f 4CiA<T*, 6-3*«*=BLT*ttlt«>B 

*«Ma>ft»»ftft t kd y/w*^«toB«j: t? tt«*K»fcvma-*tt*fr 
-r* cwiBsnfcY*-«-/i— xy^m • cn;*, nmaimo^-%¥A,tm 

^BHrtttfiUfcBIKDEKi^U^nTjlSBSne-CA*?. HBlcfc KcY/U 

LftB«*»ffir*ftACigffiSAftWMB*aLT^t'ir*ft(*BBtlgfiS 

±eic«-»Tl 0 - 2 5«OP VA»SW^«»Snftd*«7 4HOPVA 
t KaY/l/30lC^-W-Vl'*B**TI5O^*- .* li;»S*t > *. H«*P?S 

•*-4ft**nftaa«-«arr4ft**^ Bai. o* (2. 5<cm) , j?o. 

8' (2. 0 3 cm) OP VA fc KoY^HtfBB*, 2 «©BH , &JlA V - 7 * 



ytEon) ^ A -7*St;«d3nft 3B«ffiB»ffi«l**ICW*Lft # cn^ 
3(Bwr^-Cf*»«l* (2. 5 4 cm) Rl'TPVAfcKoY*** 

ttmia**io*n€n<o3it«<cWA3nftEai* (2. s 4 cm) to**^ 

>/-2«0)iaTffiBU, *LT-< ( 1 n « I fon (SBSB) > 

tt«»l*reffBU !5?3-W-or*ti!iatJ£aLft, KMJC?I©fflTT<OC(Z) 
t KoYyWi«»IC»l -2mmB»LU. cnu$tfC t t-lftW 
(K5tfi|ICt;i*Tf8WL*nft(a^l2«liittfla^* <o<f'<- (Reubc f. M. ) 
^. Journal of B t omcehtn I cal Enginttr i 
ng. vol. 1 0 4. 1 9 8 2. p. I 8 7) . w0)«l6t>*««»BToB 

PVAt KoY^C0(C?3-«-^y*0tlB(*, PYAtKoy/WttffllSiMW 
tfc(i*nj;0«nftimWtt*af^6Cc;*lIWLft, «*< 0 00NW3 
Bft«* ( t KpY'M=&i££ft-« CtU*t KDY/l/4*B+«>!BBa)*Oi:i-»T 




I <9 



( 



( 



nam* nr:H«ff)i£tt?jW»Ktf3'r-<r<r»R»c[3aa C4*'*ca 6. 

-h 2 US** 7 4 H<OJS| U P V A fc KpV/MS* 'J -7*tt*a*-*"4. 

M. A. . Hut Ion. W. C. ). The Biology of the 
[ntcrveriebril Di it, Vol. U. 1988, p. 6 4) 

. tnno. lii^cBanawtt«lBlMlBW£tLT»••^«)^*-y>l•«*i• 

tf)l£(2UJ:9i£i:4. 



»•¥ 5-508795 (7) 




Of***) 



fci*#'j-^L«w4. en*** HMBH*<«Mftfc»B©BaB*w=* 



ACMSft. 3e«fl)WI»l 6lcJ:9B*n«. ttft«R2 0iBXtf2 2*fl 

*9 ociflBfc^c/TBt-tnwa-i. e«9 o<o»tui«H«tr-xtt* 
fc(±t2ttot Ko*/b*mioo. l tfWsnfcpvA?* 
6. tKoy/we-xioo««i 02cj:oiH*n, cnitaasnftBno 

o > fa L < ii/* o t*i*efi4i-**fl.«:5A4T 

ware* ai 2KJjtyj:-5KWai 0 4*acr»Ar*. kutbi k*» * 

BttHKIctOBaWBattWf t Koy;i,«W*<HDl0 4-fc 

aLTBa+*sititt«B^- HI 3 - 1 5 fattBCAlcBfl3ftfcam9 0* 

BToflHl 0ifcii9 0©Wtt«* «*;WB»* fciXfffltMttWSMGbL 
< fiflBftUtfraJBti* ttSBHfiWBBtfcttft^BaBBtt (c h emo n 
ueleilriii) cH*£fc*T*»-*-5C£9<T*«. *«W©t Ko 
yjUKBT -5fl«<0 WStt Btt«B« b ^/U-TJBSSBflrt 

t Kpy/u»«r-3BttT-B«ys«4ffl««f*ct**T**. *ow* 

6. cmc J: 9 *tfi*>B*3*i J: tf u < 0>« < tt*. 
«3tc<DS!02 OHfCtti) . SE-jTrtHKli. /=4*IX*3H1*B4 . 7 7 2. 
HBicBBT * I * B^-W'tf <- *. W*tXa©B-C^H«<Oi** ttlf A 



flHR*«C«UrBTo»**iafM- *BM«fc Koy^H 

»«CB«tft. B«WIttBattirc-9B««)Trifc*J:tftKoyyWOB 
■cCtTB«MBttl*t2BI«*«r*. 

H T - L 5 tf- Xtt t K o r ffl I ' fcaiJBB<0**M8<DMT -3011 IU 
tttMfiWCfc Ko*»iUe-XCj:«»TWif 4©C»-»r»BfflBB4B»a» 
tt*49* Q«StJd<rC < . fctfUBttM'l-T-BB»*B*'<-10 2%Hfc»*. 
c©«(i3rBtci0'<vU^«t Kor/U*B'5rt:»6Kffln*c4bT*4. »t» 

T*8iM»*ttl\ BBtfcBO*'*-! 0 2 ©8BA<Sfl* 0 *9-f**K* # C 
*ortB<WBt**Sa»fc«4»L<Rtt&«i*R9. BToB«<oa»«tti& 
tt*i J; * UBIMBBBIC J: 9 ©8*3 n*ffi«©*# S *i J: C^©tt 4 -ft 
-f*-CA*->. BT-»B«C*itt*BBn«©«M«* BroBB(C«««9i« 

a-^ftco^afr-raci-c**. bb-t «t Koy**<Bicaw-raK®9iao 

fl*»W4ft:to<c, »KBBWBO»fl*B««W«fflBJ:9b-ffrlc**< L 
ttt<W«i*U». cnci9B(l«BB«iJ:Cffll(giCi92l»Sn*T*« 

^**y*s*fc- jPB«mB«»w^a*c 4 BBaBooai*. 

*OBA<fT§*n*ff*icH*5«»-+^tttt^a«Tft*B9, BfiEbU< (1 

as£ t ft iiais<ot *r j: « b ota ->xbx^. 

BIO 2 3D^flJtUB©B«t©-t-<'XtiJ:c;BI8W9tiCJi9»JB+*C4A t r 
2B*^<**BB*0B«L-35. -Bnnc2BBo«d* 



xv z <o> * r ♦ > /»tzn& , w n <t 9 w*aa ana** -r « a 

#A4. f9i*BflD»AW*«»«tt«r*ATV"Xv*tid % 9HX**t 

-5Hoa*ra-*fc**att**m<o 2 » * >/Ji©MK«A,*£*« 

<ttttWttf*tti*. MM <fcf-X*fc(iOtt) AW^ffLtt«n«d)Ulf 
lL(/^fl)t, c««*tt««AW«4*»'C**. fPC0>^»i)Ot Key 

4, fcAAtf7 r^7>T^4»^n*t 7 7f* <1BM) fcf-X©tt 
arti4 0 -1 2 0tfmiC«*nw*. 1 0 amiaTCB'tfT** 

X * ffl t > * C i ««tT* * U8 1 » « fc K a y il*< A fii®th«Mi a 

is* a** i*w i faff t A^nctta^s ^au«aa«7 mc3Pfi 

6ITA4. i0SJR*f**a*-ffc*f>Kt*. W*T tfmfilT, ff 1 L < li 1 u ffl 
**K, A4«®3E««fc KayjtfiittttWl*, enoasaaac <t 9fl« 

srta«a*«#S£tt&. ;««««uwi5. ooo^ak ^roa^a 

ij •/ (mot ecul or weight eut-of I, MWCOJ 

HTtEt^*) . £©B«>Ba*=ffll'*n4*t«tt*Ao-*» t*p-x*xf 

«fc*irj:v».'coaflDtt*jx^^ a • > f « *a ■ -r >rx h <j-x*» 
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A'<-A<*5STA5. 

*<*i**itfttW». *BBB»4. 9 0 4. 2 

#w**i*ta*?. 
a.w»iw<VAt>' *y x^x (M i ) **A**n*. a*©*7 

*-<X (0. 1-I0tfm) %*+5a*tt*J:tfB*te<oa*<#l;:A**n*. 
-»*C«*ttSI* fciitf'<-^</W (VenipeU 99ffl«) *fl*fi 

raa+icttexowttitt+ci^T** (v« 
r..por, «jbb«) iLrmfi*n«) . coaa^r^>jracD?«« 

f-**t<fc*!)Tb<0TA6. 
K7J 



aa/ ><7*>r 



Oep»l. OB) 

<sana; 
caaaa) 

(Tberupor. 



ft*.* 

* 'J-r- 



a*tt 



>✓ a*tt 

7?'JAft B*tt 
3*<J-r- 



A¥ 

0. 1. a 2jm 

0. 2-lOus 

0. 2-lOin 

0. 45.0.8. 
3m 



nfc. an*- * >^a*fcaxf-u>*+S'Kisi;:jL98SL^ 
a. *n^tifl«u »aa*ii:^«»»v-Attcfcadt*. 

£«trada%a^cdtf. B£naftaaaaa*a*M4>3**fc«6i^ cn<> 
OT40fe**ta l -5 h *rwTa*a*a-r *c 4**1?* *. ccttawwoflu t r 

;Ua>B (HA) . H'jt^7^3-)KPVA) , # 'J *f 

fcitfrt 'J •> >t?A*j, cn^tir^Tatta^t^fliaaa^A*. 
n«*'<-aa«3«a*a^*** *«a^e**f«**ft:i6(;aa*ta 
ffi+icii't*. 7 y*xva£» fi^aafcicwa 

?M^d<n«. *^icas^««c^aiatt-cA«^siiC[^. tntift&sf 
'«yxt*«»t» aT-3Ba*v-A-r*WK«»tf-xiEfcttttT«®«« 
K j tf s " t -<xic#A'r«fti6<oMa^/x^n^tt^ttfc\ «*'*-«Ha**>- 

»ttW(ws <t«b Koy;ue-xtrta+*aT-3B«*^-/ur*i4*'r 

-x* *(j;*Meat KDy/ue-x%an^aAr4. 3ct>-c^*-rojWit 
mii»»tticjc9">-*L, -tLTsaicWAi-i. ^toa^ta^'-f-i-aa 
uf*-7i LTtt^aaa«»*flW8 1 -5 

aoaattui o-^m'N" • e cci— /-TAiia«*nri»5. c© 
««{**rttfcDB©aaa*9'i**n. BaA f *aw«»Toaa«"e 



3 
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mm 

3 0»«>'J:(?SII«IK4MNni* , Ja±*lf+4. t Ko^«M*<«*$nfc». 
* eat- 4 £ 4 b T * * • 
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Aitf 






















A 
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«,M &1I IU (CAKIA) 1 Jufti 1990 
cltad u tdi ippHc»t1o» 
in tbttrtcM flfiim 1 

E>.A.O 3Sf 112 (dim) 26 FrtrUry 19M 

»• pig* 3, 11M « - 1IM Hi Mftiril l-l 


1,2ft. 27. 
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M 


• MM aw « *M i * 

V «MI««Yt(WMai«MMiMIIM 
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24 AfllL 19« 
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